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ABSTRACT 


Th«  p«p«r  introduc#!  ••varal  ioh«M«  for  wldoband  matching  of 
Impodanooa  uaing  aetlva  alamanta  in  tho  matching  natwork,  It  la  ahown 
that  tha  daaign  proeadura  la  a  atralghtforward  ona  whan  two  aetlva 
alamanta  auch  aa  nagatlva  Impadanoa  convartara  ara  usad.  An  altarnata 
achamo  uilng  ona  aotlva  alamant  la  alao  dlaouaaad  and  It  la  ahown  that 
a  RC  matching  circuit  uaing  Klnarlwala'a  aynthoala  taohnlqua  uaually 
obtalna  a  rathar  oomplloatad  and  aomatlmaa  Impractical  typa  of  natwork, 
Howavar,  a  aimpla  LC  matohlng  natwork  may  ba  daalgnad  uaing  ona  aetlva 
alamant  if  eartaln  approximation  of  tha  load  Impadanoa  function  la 
mada.  Xlluatratlvo  daalgna  uaing  ona  and  two  aotlva  alamanta  ara 
daaorlbad  In  the  papar. 

Tha  nolaa  parformanca  of  an  aotlva  matching  circuit  which  haa  an 
Infinite  bandwidth  In  />u  idanl  aanaa  la  comparad  with  a  aimpla  active 
padding  natwork.  It  la  found  that  there  la  little  relative  advantage 
of  ona  over  tha  other.  It  la  ahown,  however,  that  there  la  a  doflnlto 
advantage  of  tha  former  olroult  over  tha  latter  ona  If  ona  oomparaa 
thalr  power  parformanoa, 

Ixparlmantal  verification  of  tha  tbaoratlcal  daalgna  ara  Included 
In  tha  papar. 
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1 .  INTRODUCTION 


Th«  input  impadano*  of  an  antanna  la  a  oomplloatad  function  of 
fraquanoy  and  aa  auoh  oannot  ba  put  into  an  analytic  form  for  all  fraquanciaa. 
Howavar  it  can  ba  approximataly  rapraaantad  over  a  fraquanoy  band  by  a  lumped 
alamont  loaalaaa  network  tarmlnatod  by  a  raaiatanoa  R  aa  ahown  in  Figure  1. 

T 

The  complexity  of  this  two  terminal  pair  loaalaaa  network  la  dependant  on 
the  degree  of  npproximatlon  of  the  Impadnaca  curve  of  the  antanna  in  the 
deairad  fraquanoy  range. 


I  O'  ■  ■  ■  "■  '■ 

Z{S)  *R+|X 

1/  » 


Rr 


Figure  1,  Antenna  Equivalent  Impedance. 

Whan  the  antanna  la  electrically  abort;  it  haa  a  high  Q  and  la  a  highly 
frequency  aanaitiva  device.  It  can  ba  approximated  by  a  large  capacitive 
reactance  in  aarlei  with  a  raaiatance.  In  order  to  uaa  theae  antennaa 
efficiently  over  a  band  of  fraquanciaa;  varloua  impedance  matching  tachnlquea 
are  employed. 

Thia  problem  of  matching  of  antennaa  ualng  paaaive  networkO;  baaed  on 
different  matching  criteria  haa  been  treated  extenalvely  by  varioua  authora^^ 

3 

Fano  ;  in  hia  paper;  haa  diacuaaad  llmitationa  on  paaaive  network,  matching 
of  arbitrary  impedance.  Not  much  work  haa  been  done  on  the  matching  pro¬ 
blem  uaing  active  networka. 

Thia  report  ia  a  atudy  of  the  poaalbility  of  uaing  active  networka  for 
antrnna  impedance  matching. 
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2.  OINBRAL  BCKBICE  Or  MATCKINO 

Th«  propof«d  aohamo  (Flgura  2)  la  for  a  ganeral  typo  of  matching  circuit  for 
an  antonna  load  which  admita  an  oqulvalont  ropraaentation  of  tho  typo  ahown 
in  Flgura  1.  It  can  ba  oaally  ahown  that  the  Impedance  Input  Impedance  of 
the  onmpoalte  network  la  a  pure  realatlve,  and  la  equal  to  R^. 


Z(S)*R4jX 

Figure  2.  Scheme  for  Matching  Arbitrary  Impedance 

We  can  thua  repreaent  the  equivalent  generator  load  aa  ahown  in  Figure  3. 

If  the  generator  impedance  R^  la  taken  aa  R^,  it  la  obvluua  that  the  power 

tranaf erred  to  the  load  R  la  a  maximum  and  conatant. 

r 


Zin  *  R  r 


Figure  3.  F^ulvalent  lead  on  the  Generntor 
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81no«  th«  n«(work  In  rtguro  a  ha«  Input  Impudanoe  R  ,  iind  han  all  lt« 

r 

flvmtnti  loiflnii  exoapt  th«  load  r«alatano«  R^.  th«  powar  tranafor  to  thl« 

r 

load  Is  constant  and  maximum.  This  R_  In  osse  of  ths  sntsnns  s'^ulvslont 

r 

network  Is  ths  radiation  rsslstsnos  of  an  antenna. 

When  R^,  the  even  part  of  Z(.8)  (real  part  of  Z(k>))  is  constant  a  simple 
matching  scheme  of  the  type  shown  in  Figure  4  may  be  used, 


Figure  4.  Scheme  for  Mstohihg  Simple  Load  Impedances 

The  bandwidth  of  the  system  In  Figure  2  would  be  dependent  on  the  band¬ 
width  of  the  active  network  and  also  the  frequency  band  over  which  the 
equivalent  representation  of  the  antenna  Impedance  Is  employed.  Thus  the 
bandwidth  of  the  system  would  be  lower  than  either  one. 
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3.  DISIOK  OF  TKI  8YSTIM 

3.1  D«tormlnatlon  of  Anttntm  Iqulvlwnt  M«tworlc 

Th«  prooais  of  dotormlnlng  tha  lumped  element  equlvelont  network  re- 
preeentatlon  le  largely  an  empirloal  one.  If  the  Impedance  variation  aa 
a  function  of  frequency  la  available,  to  obtain  ratlo.ial  function  of  the 
form  of  quotient  of  polynomlala  la  a  atandard  proceaa  It  will  he  asaumed 
here  that  either  the  quotient  of  polynomlala  reproaentatlon  of  antenna 
Impedance  or  a  complete  equivalent  network  la  available  end  our  dlacuaalon 
will  only  pertain  to  the  deaign  of  a  matching  network, 

3.2  Dealgn  of  Matching  Network  [-2X(8)] 

If  the  form  of  the  Impedance  function  Z(S)  la  known,  finding  X(S)  la 
Juat  a  inatter  of  working  out  the  algebra.  Then  the  major  problem  la  to 
aynthealze  an  active  network  which  will  produce  an  Impedance  of  -2X(S) 
at  Ita  Input  trrmlnala.  Varloua  achemea  for  doing  thla  are  deacrlbed  below. 

3.2.1  Dealgn  by  Meana  of  Two  Active  Elementa 

We  ahall  flrat  deacrlbe  a  almple  way  of  aynthealzlng  an  Impedance  function 
[>2X(S)].  Figure  S  ahowa  thla  method  wherein  It  la  required  to  uae  two  active 
elementa.  One  of  theae  la  a  negative  impedance  converter  while  the  other  la 
a  negative  realatance.  Thla  negative  realatance  can  Very  well  be  a  negative 
Impedance  converter  terminated  by  realatance  R^.  The  two  four  terminal  lo.taleaa 
networka  rhown  are  Identical  and  they  are  the  aeme  as  the  four  terminal  loaaleaa 
networka  employed  In  equivalent  antenna  Impedance  repreaentatlon  In  Figure  1. 


Figure  S.  Matching  Network  Using  Two  Active  Elements 
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3. a. 2  Dailit'n  by  Meani  of  Qno  Active  B.'.enient. 

We  shall  now  study  the  possibility  of  designing  this  network  by  means  of 
a  single  active  element. 

Klnsrlwals  has  shown  that  "any  driving  point  immlttance  function  can  bo 
realized  by  a  transformerless  RC  structure  In  which  is  embedded  only  one 
active  element,  The  only  restriction  on  the  immlttance  function  is  that  it 
Is  a  ratio  of  two  polynomials  with  real  coefficients.'*  A  more  practical  method 
has  been  suggested  by  him  In  the  same  paper  but  with  added  restrictions  on 
the  immlttance  function.  This  results  In  a  cascade  network  as  shown  in 
Figure  6.  The  restriction  on  the  immlttance  Is  that  In  addition  to  its  having 
real  coefficients^  the  function  is  positive  on  some  Interval  of  o-axls  (Sso-f Ju) . 


Figure  6.  Cascade  Matching  Netsrork  Using  One  Active  Element 
Carlin  and  Youla^  have  shown  in  their  paper  that  "any  arbitrary  real, 
rational  driving  point  immlttance  function  whose  zeros  and  poles  are  completely 
unrestricted  as  to  multiplicity  and  location  in  the  complex  S -plane,  may  be 
realized  as  a  lumped  network  consisting  of  reciprocal  lossless  elements  and 
at  most  one  positive  and  one  negative  resistor." 

Rohrer  has  used  a  method  of  synthesis  similar  to  thal  used  by  Kinariwala, 
but  for  LC  networks.  This  network  structure  in  the  same  as  In  Figure  6,  whore 
the  two  terminal  network  and  four  terminal  network  are  LC  networks. 

The  function  -2X(S)  that  we  wish  to  design  has  indeed  its  representation 
as  a  quotient  of  polynomials  of  real  coefficients.  Thus  by  means  of  any  of 
the  above  techniques  one  is  able  to  design  this  impedance  using  either  only 
RC  or  LC  elements  and  one  active  element.  The  active  element  is  either  a  NIC 
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or  a  tingle  negative  retlator,  Uae  of  tranaformera  In  ayntheaia  of  a  four 

torminal  network  can  be  avoided  by  uae  of  a  method  auggeated  by  Flalkow 
7 

and  Qerat  in  cate  of  itC  networka,  where  aa  the  aame  can  be  achieved  In 
caae  of  LC  networka  by  performing  an  impedance  level  change  almllar  to 
loop  impedance  level  change  on  a  Darlington  network. 

Bxampioa  of  ayntheaia  ualng  Kinariwala'a  ayntheaia  method  for  RC 
networka  and  ayntheaia  ualng  LC  elementa  are  v/orked  out  In  the  next  section 
of  thla  report. 

It  should  be  noted  that  these  methods  of  synthesis  do  not  always  lead 
to  a  practically  realizable  networx.  This  is  largely  due  to  the  arbitrariness 
In  the  choice  of  certain  factors. 
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4.  EXAMPLES 


4.1 


Antenna  Equivalent  Impadance  2(S) ■ 

Consider  an  antenna  equivalent  Impedance  as  shown  In  Figure  7. 


R*  lA 
L  *  600  mpH 

C*  2500pF 


Figure  7.  A  Simple  EqulvaleAt ' Impedance  of  an  Antenna 
Then  Z(S)  of  the  network  is  given  by 


Z(8) 


LCR  S^  +  L3 
LC  S^+CR  S  +  1 


Substituting  for  R,  L,  and  C  and  then  frequency  scaling  by  10 
scaling  by  :  the  impedance  Z(S)  is 


8 

> 


magnitude 


Z(S) 


.125  +  .5  S 

15  S^+  .25  S  +  1 


hence^ 


-2X(8)  =  2(negative  of  odd  part  of  Z(S)  } 


-14.94  -  S 

^  - - - - 

~  225  S^  +  29.94  S^  +  1 

The  complete  network  for  matching  is  shown  in  Figure  8,  where  Z^(S)  =  -2X(S) 
is  still  undetermined. 
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Figure  8.  Matching  Network* tor -the  Impedance  of  Figure  (7) 

4.2  SynthealB  of  Z^(S)  ualng  RC  elements 
4.2.1  General  Procedure 

We  shall  summarize  here  the  synthesis  lethod  suggested  by  Kinariwala^  using 
RC  elements.  We  shall  work  with  admittance  function  Yj^(8)  rather  than  Impedance 
function  Zj^(s)  ai'  exemplified  in  his  paper,  with  relevant  modifications  in  the 
procedure . 

Let  us  write  Y^(S)  = 

Selecting  B  =  ^2^4  ®  only  negative  real  roots,  wo  can  write 


where  N  =  '"^3'  '  ®  “^31  ^3!  Qjl  Q3  ®-l  have  negative  real  roots. 

Rearranging  Equation  (1)  we  have 


(2) 


0 


Alio  for  oataad*  struoturo  of  Flguro  9  w«  can  v/rlto 


Y^(S)  -  Y 


11 


(3) 


Figure  9. 
Comparing  Equations 


Block  Diagram 'for'Cascnde  Synthesis  of  Y^(S) 
(2)  and  (3) ;  we  obtain, 


Y 


11 


r 


(4) 


We  can  rearrange  Equation  (3)  and  also  Equation  (4)  to  obtain  the  following 


Yj(S»)  «  Y 


11 


(-Y  )‘ 

'  12'' 


(9) 


Using  liquation  (1)  in  abovn  w«  havs 


10 


N  °‘’i  + 

Yl(fl)  •  5  -  -TT - 


l.e. 


ai\ 


NQ, 


DPj^  m  P^R  (May) 


(0) 


Wa  now  give  the  procedure  to  obtain  the  Y  parameters  of  the  four  terminal 


network  and  Y, ;  using  the  above  Information  from  Equatlons(4)  and  (0)._ 


(a) 

(b) 

(c) 

(d) 

(e) 
<f) 
(g> 

<h) 


Choose  P,  and  Q,  of  degrees  equal  to  the  rank  of  Y, (S)  such  that  ^ 
11  1 

a  RC  admittance. 

Evaluate  Y^(8)  at  some  point  on  the  negative  real  axis  farther  away 
from  the  origin  thap  the  root  of  farthest  away  from  origin. 

Make  Y, (8)  »  Y, ,  «  at  this  point  by  merely  multiplying  Y, ,(8) 

1  11  W*  11 

by  ail  aprroprlate  constant. 

Determine  P^R  and  find  lie  roots. 

Assign  appropriate  roots  to  P  from  steps  (c)  and  (d) . 

2  * 


Determine  R. 
Express 


Find  g 


M  mi  D*  m  DR, 


In  partial  fraction  to  obtain 
All  admittances  are  obtained  by  noting  that-Y 


fh  .  !il 

^  «1  '’2  J 
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JL 


4.2.P  Computations  for  the  Z^(S} 


is 


We  have  from  previous  computations  in  Section  4.1; 


Yj  (S> 


225  S^  4-  29.94  8^ 


-  14.94  S  -  8 


I-  1 


Let  us  consider 


■  K  (8+1)  (8+3)  (8+5)  (8+7) 

«  (8+2)  (8+4)  (8+6)  (8+8) 

Pi 

and  equating  Y^^^^  *  q”  ^11^®^  at  8  »  -10;  we  obtain  K  a  61.2375. 
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Not*  that  th*  tbov*  ohoio*  of  root*  of  and  th*  point  0  ■  >10 

ar*  th*  on*i  that  *ff*o^  th*  r*aulting  n*tworka.  It  la  *aa*ntial  that  th*** 
b*  ohoaan  Judioloualy. 

W*  now  obtain  P^R  ■  NQ^  -  DP^,  which  glvaa  aft*r  conaldarabl*  alg*br« 

work, 

PjjR  •  aas(s  >  .O660)(8  +  .S3)(d  +  a.4Bl)(8  +  4.4e7)(B  '4.0.623) 

(S  +  10) (0^  -  .00023  8  +  .0671) 


s*l*ct 


P  >  226(0  +  2.481)(S  +  4.467)(S  *  6.622)(S  +  10) 
2 

R  >  (S  4  .O606)(S  +  .63)(8^  -  .00023  S  .0671) 


W*  now  obtain  from  abov*, 


(• 


^1*^2 


and  th*n  put  into  it*  partial  fraction  axpanaion  which  ia  giv*n  by 

D«  S  ^4  y  .34066  S  306.49  8  360U.13  8  1313.62  S  ( 

“  Qj^Pjj  ■q^'Pg’aaols  +  a^  8  +  4'*’  s  +  e  s  +  sj 

1_  J  3,181  8  736.68  4120  8  223.664  8  i 

'  226  I  8  +  2.481  *  B  +  4.407  *  B  +  6.622  8  +  10  J 


Now  w*  idantify 


61.237P  <8  +  1)(S  +  3)(B  +  6)(  8  +  7) 
^11  ■  (8  +  2)(8  +  4)(8  +  6)<8  +  8) 


(7) 
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Y  (S  +  .0666  X8  +  .fl3)(S^  -  .00023  8  *  ,0671) 

13  ■  (S  +  3)(8  4-  4)iB  +  tfXS  r  8) 

Y  -1  /‘S^l  S  306.8  8  3800  S  1313.6  S  > 

^22*328ls+3  6+4  Sf6  S+8  J 


(7) 


and 


1  /  3.181  6  736.8  8  4120  8  223.88  8  I 

225  I  B  +  2.48  8  4-  4.467  8  6.822  *  8  4-  10  j 


Wa  ayntheilza  the  four  terminal  network  with  the  above  Y-parametera  by 

g 

Oulllemln'a  method  .  The  two  laddere  have  Y^^  and  Y^^  parametere  aa  given 
below,  but  for  a  acaling  factor. 


^la  -  "ll  -  "lip^ 


_ 8^  4-  .8964  8^  .1022  8^  4-  .04  8  4-  .00237 

"U2a  ■  (8  *  2)(S  4-  4)(8  4-  6>(S  4-  8)’  i2p  *  {b  +  2)  (U  +  4)'“  4-  6)  (8  4-  8) 

The  two  laddera  (a  and  p)  aynthealzed  from  the  above  Y^^  and  Y^^ 
metera,  which  give  exact  Y^^  but  Y^^  within  a  conatant  multiplier,  after  un¬ 
sealing  in  frequency  and  magnitude  are  shown  in  Figure  10. 

The  a  and  p  ladders  when  connected  in  parallel  has  the  Y-parameters  as 
given  in  Equation  (8). 


,  61.2378  (8  4-  1)(8  4-  3)(8  4-  8)(8  +  7) 

11  *  <8  4-  2)(8  4-  4)(8  4-  8)(8  4-  8) 


-Y 
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(8  4-  .066  X8  +  .53)(8  -  .00023  8  +  .067) 
300.6  (8  4-  2)(8  f  4)(8  4  6)(S  4-  8) 


(8) 


Y  ,  .2464  (8^  4-  13.93  8^  *•  87.48  8^  4-  86.1  8  4-  33.48) 

22  *  72  (8  4^  2)  (8  +  4)  (8  4-  (^<8  -4  8) 


316.9 


492/1 


818 


462/1 


/9  LADDER 


12.9/1 


Figure  10.  a  and  S  Ladders  of  the  Four  Terminal  Network 
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Siuo*  w«  n««d  th«  Y-pammttori  of  thii  four  tormlnal  natwork  «f  In 
Equation  (6),  wt  uaa  a  mathod  of  foaling  analogoufto  that  of  Impadanca  aoallng 
Darlington  natwork;  aa  ahown  balow. 

Wa  hava  from  Equation  (S) 


Vi<8)  -  v„  -  y— rV 
1  11  * 


f  ^12^ 

'  k^Y  -y”) 

'*22  L' 


-  y 


I 

11 


(-Y 


12 


(Y  ' 
'22 


whara 


"ll’  ■  ‘ir  ^2'  ■  “  ^2'  ^22*  ■  '  “  <’^22  - 


Ualng  tha  abova  in  Equatlona  (7)  and  (8)  wa  hava  k  «  1/300.6;  and 


Y  '  -  Y  ' 
22  L 


1.678  S  ^0-8  ^  4804^  lo"*  .  10 


S  + 


B  +  4 


B  +  9 


6  4-8 


-/I 


1.86  8  -7  .,,^2  .S_  -4  ,2.028  S..  10’“  4-  lO" 

~  ^  Mttm  A''  ~  rt  .  m  aAA  *V  T"  ,,  AW 


S  2.48 


8  +  4.467 


S  +  6.822 


a  +  10 


(9) 


But  wa  hava  ¥^2*  In  Equation  (8),  hancr  wa  obtain  ualng  Equation  (9>; 

,  ,  <  1^26_S  -3  ^3,711  -3  J26  8  -3  ...227  S  -3  J^86,8_  -7 

*L  |S-r2  ^84-4  8+6  '^  S  +  8  8  +  2.48 


,  xo-*  .  10-*  .  ^  10'^ 


8  f  4.467 


8  ^  0.822 


8  I  10 


IS 


Tho  two  t«rmin«l  network  with  Input  admittanoo  Y  •  la  ahown  In  Plaura  11. 

U 


4.4  IK 
28.3m 


Figure  11,  Two  Terminal -Natworkl  with  Input  Impedv>nce  Y^. 

ii 

g 

Unacale  the  two  networks  of  Pigurea  10  and  11  by  10  in  frequency  and  1/120 
in  magnitude  to  obtain  the  complete  network  aa  ahown  in  Figure  12  to  give  the 
required  Y^(S)  ■  2X(s)<  This  network  muat  be  used  in  turn  in  complete  matching 
system  as  ahown  in  Figure  8. 

The  scaling  of  each  element  is  achieved  using  the  following  relatione,  where 
*  denotes  the  scaled  elements . 

*  lO”®  • 

R  .  120  R  ;  C  -  C 


4.3  Synthesis  of  Z^CS)  using  LC  elements 

We  now  synthesize  the  impedance  ZAB)  as  obtained  in  Section  4.1,  by 

^  6 

means  of  LC  elements  based  on  the  methoU  used  by  Rohrer  . 

We  have 


Zj(S) 


-14.94  S  -  S 
228  +  29.94  S® 


+  1 
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whloh  If  twlof  thf  odd  part  of  impadano*  Z(S),  ttftfr  froquanoy  aoallng  by 
10*  and  magnltudf  foaling  by  wharf, 

Z<„  .  t  ■ »» - 

108*  ^  .25  S  4'  1 

Datarmlna  tha  noaltlva  raal  function  Z'(S)  affoolatad  with  Z^(8)  ralftad 
to  It  by  Z^(S)  ■  odd  Z'(S),  to  obtain 

Z»(a)  .  +  >00148  +  4.0865  ^  "l  "l 

158*  +  ,2458  +  1  "2  "2 

uaing  tha  condition  that  (mm  -  n  n  )  la  a  perfect  equare,  whore  m  if 

12  12 

an  even  function  and  n  an  odd  function. 

Then  we  have 


Z^<S) 


22 


“  "22  - 


where  we  realize  Zj^(8)  ae  a  four-terminal  network  terminated  by  a  negative 
impedance  Z^  ae  in  RC  alementa  caae,  but  now  uaing  LC  elaments. 

Thua  we  identify 


m  m 

n  n^  22  "2 


fjm  m  -  n  n  n 

- iS.  ;  Z,  - 

12  n  '  L  m 


Hono0  wo  hovo  tho  Z  pteramotori  of  tho  casoado  atructuro  aa  followa; 
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Z  .  '1.086S 

11  ■  ,2458 

Z  .  (14,948^  +  1) 

12  ■  .2458 

2  (10) 

Z  =,  -*•  1 

22  . 2458 

„  .245  8 

Unsealed  car.cade  network  realizing  Z^(S)  la  shown  In  Figure  13,  where  the 
scaled  networ'.  has  Z  parameters  of  Equation  (10). 

This  network  is  in  turn  used  In  system  of  Figure  8  to  obtain  tho  complete 
syatem  used  for  matching  the  Impedance  Z(8). 

4.4  Simplification  of  Network  by  means  of  Approximation 

We  find  In  Sections  4.2  and  4.3  that  the  net.works  realizing  Z^ia),  which 
Is  twice  the  negative  of  odd  part  of  Z(s),  are  very  complicated  and  sometimes 
lead  to  Impractical  element  values.  We  find  It  possible  to  simplify  this 
network  considerably  if  we  approximate  the  Z^(8);  shown  below  In  case  of  a 
Z(s)  different  from  that  used  in  Sections  4.1,  4.2,  and  4.3. 

Consider  the  antenna  equivalent  Impedance  Z(8)  as  shown  in  Figure  14. 


IMPENOANCE  AT  IOMc/« 

R  =  in  R  =  in 

C*  250pF  X^x  628n 

L  X  10  pH  65  n 


Figure  14.  A  Second. Antenna  Equivalent  Impedance 
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Hence  we  have 


Z(S) 


S  +  400S 
+  ,01S  +  4 


After  frequency  scaling  of  10  ,  and 


-  399,998  4-  16008 

ea“  4  2 

•  ^  8  +  7.99998  +  16 


(11) 


and 


Z, (8)  =  -2X  (a) 
1  eq 


-  799.988^  -  32008 
8“^  +7.99998^  +  16 


If  the  matching  network  for  this  Z^(8)  is  synthesized  on  the  line  of 

8ectlon  4.3,  the  network  has  quite  impractical  element  values.  But  if  we 

approximate  X  by  X*  as  in  Equation  (12),  we  find  the  network  a  very 
eq  eq 

simple  one. 


4008^  +  16008 
+  88^  +  16 


4008 
8^  +  4 


(12) 


and 


zi(S)  =  -2x-^^= 

8+4 


l25pF 


Figure  IS.  A  81mplifled  LC  Matching  Network 
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Figure  15  shows  the  network  realizing  We  now  check  the  error 

involved  In  this  approximation  and  the  limitation  on  the  frequency  band  ever 
which  it  is  valid.  To  determine  this  one  miixt  consider  the  ratio  of  difference 
in  Xgq's  the  ot  the  known  Impedance  Z(8)  since  this  affects  the  g^ror  i 

the  impedance  faced  by  the  source.  Tabulated  in  Table  I  is  the  factor  — - 

eq 

at  different  frequencies  over  the  range  of  10  to  1.  It  is  clear  that  this 
ratio  is  less  than  1  over  this  frequency,  and  is  very  small  for  most  of  the 
frequencies.  Thus  we  can  conclude  that  over  the  frequency  range  fonwhlch 
the  i  antenna  equivalent  impedance  of  the  form  shown  in  Figure  14,  the 
matching  network  is  exceedingly  simple  If  an  approximation  of  neglecting  R  Is 
used. 


X3 
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Table  I 


Frequency 

in 

HC/S 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

20 


Vq 

‘^eq 

69.706 

09.711 

O.Olii 

207.63 

207.635 

0.426 

1679 . 709 

1686.7651 

62.915 

-433.681 

-433.963 

7.434 

-214. U76 

-214.091 

2.827 

-147.654 

-147.662 

1.937 

-114.648 

-114.653 

1.589 

-  94.542 

-  94.545 

1.412 

-  80.843 

-  80.846 

1.306 

-  70.837 

-  70.839 

1.238 

-  32.658 

-  32.6582 

1.05 

.1814 

-0.001 

+0.111 

-0.0115 

-0.005 

-0.004 

-0.003 

-0.002 

-0.005 

+1.688 

-0.0002 
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(a)  NEGATIVE  IMPEDANCE  INVERTER  MATCHING  NETWORK. 


1  •  '  ■  }( - 1 - 

- *  ^ 

R,  X,  1 

INPUT  R,  ^  < 

►  -R  OUTPUT 

- - 1 - 

. •  2* 

(b)  IMPEDANCE  MATCHING  BY  MEANS  OF  PADDING  RESISTER. 


Figure  16.  (a)  Negative  Impedance  Inverter  Matching  Network 

(b)  Network  Matching  Impedance  by  Means  of  Padding  Resistor 


5.  NOISE  AND  POWER  CONSIDERATIONS 


5.1  Oeneral  Conslderatlong 

In  rocalvlng  antnnnai  the  noise  j;>erformance  of  the  receiving  system  is  a 
very  Important  factor  while  in  a  transmitting  antenna  the  efficiency  of  the 
matching  system  is  of  primary  Importance,  Thus  any  matching  system  should  also  be 
analysed  from  poin*  of  view  in  order  to  ascertain  its  usefulness.  It  is  often 
difficult  to  make  any  general  statements  about  v,irious  systems,  and  a  specific 
analysis  has  to  be  made  before  coming  to  a  definite  conclusion. 

Let  us  consider  a  simple  negative  impedance  inverter  type  of  active  matching 
network  shown  in  Figure  16.  Its  performance  will  be  compared  with  that  of  the 
simple  active  matching  circuit  which  usts  resistance  amplification  phenomenon. 
These  two  networkp  are  shown  in  Figure  16(a)  and  (b) . 

5.2  Noise  Con'.iderations 

5,2,1  Noise  Figure  of  Network  of  Figure  16(a) 

Figure  16(a)  shows  the  negative  Impedance  inverter  type  of  network,  and 
are  the  real  and  imaginary  parts  of  the  Impedance  Z(s)  of  an  electrically 
short  antenna.  (-R)  is  a  negative  resistance  and  X  an  inductance  of  the  value 

A 

shown.  The  noise  sources  in  the  system  are  the  thermal  noise  generators  of  the 
resistors  R^^,  and  R*s.  The  negative  resistance  is  considered  to  be  a  tunnel  diode 
and  its  noise  current  generator  is  of  magnitude  V  2el '  Af .  I*  beine  the  d.c, 
bias  current,  e  the  electron  charg-,  and  ^  is  the  bandwidth.  The  network  of 
Figure  16(a)  with  all  its  noise  sources  present  is  shown  in  Figure  17(a). 


Figure  17(a).  Negative  Impedance-  Inverter^ Network  with  all  Noise  Sources 
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whore 


*N1  *  nolle  of  reiistance  ■  *i/ 4kTR^Af 

■  Thermal  nolle  of  realitance  R  s  (13) 

1  ■  nola««  current  of  tunnel  diode  a  a/ 2e  I  •  Af 

n  dc 

k  li  Boltzmann* I  conitant. 

The  nolle  figure  defined  on  the  bails  of  short  circuit  current  at  the 
output  terminals  is 
Noise  Figure  =  N.F. 

Sum  of  the  square  of  short  circuit  noise  current  at  the  output  terminals 

_ due  to  all  the  noise  sources _ 

~  Sum  of  tho  square  of  short  circuit  noise  current  at  the  output  terminals 

due  to  external  noise  sources  alone 

We  have  In  this  case  a  negative  Impedance  Inverter  and  associated  matching  net¬ 
work  as  the  system  under  consideration  for  the  noise  figure  analysis.  Hence  the 
noise  figure  of  network  of  Figure  16('a)  Is  given  by 


Algebraic  simplification  using  Equation  (13)  gives 


2  2 
R  + 


N.F. 


4* 


(14) 


26 


6.2. 2  Ifota*  Figur*  of  Nttwork  of  Flguro  16(b) 

Vigur*  16(b)  show!  «  matching  network  using  a  padding  resistor  formed 
by  the  parallel  combination  of  and  (-R) ,  (-R)  Is  a  negative  resistance 

amplifier,  and  again  we  consider  It  to  be  a  tunnel  diode, 

.  «* « 

Shown  xn  Figure  17(b)  la  the  network  of  Figure  16(b)  with  all  Its  noise 
sourcos  present. 


Figure  17(b).  Network  Matching  Impedance  iy  Means  of  Padding  Resistor 

With  All  Noise  Sources 


Where  we  have 


■  Y4kTRjaf 

•»S 


1  » Vzoi’ 

n  dc 


(15) 


Analyzing  along  the  lines  of  Section  5.2.1  for  noise  figure  on  the  basis 
of  output  short  circuit  current  we  obtain,  after  algebraic  simplification 
using  Equation  (15), 


N.F. 


1  + 


“l“2 


(16) 


From  Equation's  (14)  and  (16),  one  can  readily  verify  that  under  conditions 
X.»R;  and  k  R  (necessary  for  large  bandwidth),  these  two  expressions  are 
approximately  Identical.  Thus  for  all  practical  purposes  tho  noise  perfor- 


nance  can  be  oonsldorud  about  equal  for  the  two  clroulta, 
5.3  Power  Conalderatlonn 
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To  compare  the  performance  of  the  two  ayatema  of  Figure  1C  for  power 

requirement a, we  determine  the  power  Input  to  the  ayatema  for  the  aame  power 

dlaalpated  In  the  antenna  equivalent  radiation  reaiatance  R^.  The  main  power 

aouroe  ahown  here  aa  In  Figure  18  la  aaaumed  to  have  an  Internal  impedance  R^. 

Let  I  be  the  current  flowing  through  the  reaiatance  R^.  A  almple  analyala 

leada  to  the  following  reaulta  in  the  two  caaea  under  the  aaaumptlon  that  the 

current  delivered  to  the  load  la  the  aame  in  each  caae. 

Caae  I.  Negative  Impedance  Inverter  matching  network  of  Figure  18(a). 

2 

(a)  Power  output  ^0^21”  ^*out  “  ^  **1 

(b)  Power  input  by  the  generator 


.  rCR  *  R,) 

8  1 

(c)  Power  input  by  the  negative  realator  (-R) 

2 


=  P* 


in2 


=  I^R  +  4-) 


(d)  Total  power  Input  P*.  = 

in 


p’.  ,  +  p'.  « 

Inl  ln2 


Caae  II.  Padding  realator  matching  network  of  Figure  18(b) 

2 

(a)  Power  output  to  R,  =  P  ^  =  I  R, 

1  out  1 


(b)  Power  input  by  the  generator  s  P 


Inl 


=  I* 


(c)  Power  Input  by  the  negative  realator  (-R)  =  P 


in2 


*  I* 


1* 


(d)  Total  power  Input  a  P^^  =  P^^^  +  P^^^ 


a  I 


{/  R+R  N) 


(17) 


(18) 


2B 


R|  iX|  R  R  Rl  JX| 


(a)  (b) 


Figure  18.  (a)  Negative  Impedance  Inverter  Matching  Network  for  Power  Considerations 

(b)  Padding  Resistor  Matching  Network  for  Power  Considerations 
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RR 

Wh«r«  R  ■  r-rr- 
«  R-Rg 

Compirlng  tho  two  axpreaalon*  for  the  total  power  input  l.i  two  caaev  given  by 
BquAUItunr:  (17)  and  (18);  we  readily  notice  that  whereaa  we  naed  a  large  reactive 
power  input  for  Caae  II,  the  input  power  required  in  Caae  I  ia  only  real  power. 

In  Caae  II  R^  la  of  the  order  of  at  the  loweat  frequency  of  matching.  Hence 
it  ran  be  eaally  verified  that  the  input  power  la  leea<  -  in  Caae  I.  Thua  the 
ayatem  of  Figure  16(a)  off era  a  definite  aavlng  in  power  requirement. 
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3.  KXPSRIIISNTAL  WORK 

The  experimental  work  conducted  during  thla  Inveatigatloa  haa  heon  con~ 
earned  primarily  with  the  matching  natworka  for  aimple  antenna  equivalent  circulta^ 
and  ualng  negative  impedance  convertera  aa  active  elementa.  The  N.I.C.'a  an  a 
poaltivo  feedback  net'»ork  haa,  aa  a  rule,  a  amall  uaeful  frequency  band.  Tliua 
a  number  of  NIC'a  were  built  to  function  in  different  frequency  banda  from 
1  KC/8  to  about  lOMc/S.  NIC'a  uaing  tubea  were  built  to  function  in  the 
lower  frequency  range  of  up  to  10  KC/8  and  aucceaafully  teated.  Later  on, 
tranalatora  have  been  uaed  all  throughout  in  this  inveatlgatlon. 

g 

The  baalc  deaign  of  these  NIC's  was  brsed  on  the  circuits  given  by  Llnvill 
10 

and  Bonner  in  their  papers.  Figures  19,  20,  21  show  three  different  types  of  NIC's 
ualng  transistors.  These  NIC's  were  uaed  in  matching  aimple  equivalent  impedances 
of  antenna.  The  results  of  these  are  shown  in  Figures  22,  23,  and  24.  In  each 
figure  la  shown  the  signal  across  the  antenna  equivalent  resistance  with  and 
without  the  matching  networks  compensation. 

It  is  observed  that  there  is  a  limitation  set  up  at  high  frequencies,  and 
this  is  the  limitation  in  the  performance  of  NIC  at  these  frequencies  due  to 
the  appreciable  phase  shift  introduced  by  the  transistors  used.  The  low  fre¬ 
quency  limitation  Observed  is  due  to  the  large  ratio  of  reactive  to  real 
Impedance  of  the  antenna  equivalent  Impedance.  This  ratio  is  about  25  to  35 
at  the  lowest  frequency. 

Figures  25,  26  show,  the  results  obtained  using  twe  NIC  compensations. 


Figure  23.  Compensation  :CarVB  Using  NIC  Number 
for  Series  Compensation 


Figure  24.  Compensation' Curve  Using  NIC  Number 
for  Series  Compensation 


Figure  25.  Compensation  Curve  for  Series  Resonance 

Equivalent  Impedance 


Figure  26.  Compensation  Using  Two  NIC 
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7.  OONCLL'SIONS 

(1)  Active  networki  conaiiting  of  negative  impedance  convertera  or  negative 
reaistancea  may  be  auccesafully  used  to  design  wideband  matching  circuits 
for  arbitrary  load  impedancua.  The  design  procedure  using  two  active 
elements  is  very  straightforward.  An  R-C  matching  circuit  using  one 

active  element  only  may  bo  designed  using  a  procedure  outlined  by  Klnarlwala, 
but  the  method  does  not  always  lead  to  practical  values  of  circuit  components. 

L-C  circuits  using  one  active  element  may  also  be  designed  to  approximately 
match  a  given  load.  One  usually  pays  the  price  for  reduced  number  of  active 
elements  in  terms  of  Increased  complexity  of  design. 

(2)  It  is  difficult  to  form  a  general  conclusion  in  regard  to  the  comparative 
advantages  of  active  matching  networks^  over  a  simple  active  padding  network 

from  the  point  of  view  of  the  noise  performances  because  there  are  various  factors 
including  the  nature  of  the  load  Impedance  which  determines  this  behavior.  For 
a  particular  case  it  was  found  that  there  is  little  relative  advantage  of  the 
active  matching  circuit  over  the  padding  network,  insofar  as  the  noise 
performance  is  concerned.  However,  for  the  same  case  it  was  found  that  from  the 
point  power  performance  the  active  circuit  had  a  definite  advantage. 

(3)  Experimental  studies  demonstrate  the  feasibility  of  building  the 
theoretically  designed  circuits  and  show  that  active  matching  circuits 
perform  satisfactorily  in  the  design  frequency  band  limited  only  by  the 
bandw<H+h  of  the  active  elements  and  their  signal  handling  capacity. 

The  general  conclusion  is  that  wideband  matching  may  be  accomplished 
through  the  use  of  active  elements.  However,  the  complexity  of  design,  the 
noise  and  power  performance  etc.,  depend  strongly  on  the  nature  of  the  load 
Impedance  to  be  matched  and  the  relative  bandwidth  desired.  A  study  of  some 
of  these  aspects  has  not  yet  been  completed  and  a  continuation  of  the  study 
along  this  line  is  recommended. 
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